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- Yet, unlike other global
“ environmental threats
to biodiversity......

Global Climate Change
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S R Ldinear transport intrastructure project Impacts

“‘ R,

| "‘% can be addressed with scientifically-proven and
*\
effectlve mltlgatlon measures

Asian elephant highway underpass —
Southern Bhutan
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W|II provide a case study from Bhutan on how effectlve
analysis can facilitate the balancing of infrastructure
8! development with biodiversity conservation
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EXPERIENCING A “SEA CHANGE” IN JUST 5 YEARS.....

Underpass Openness

Affects amount of light penetrating underpass and view that animals
perceive as they look through an underpasses to the other side — need to

avoid “tunnel” effects

CASE STUDY

Location: Uttaranchal, India

Culvert “underpass” modified for Asian elephants reported as having

minimal use, casting doubt as to
whether underpasses will work for elephants

The dimensions of this “underpass” tunnel: PR
5m wide x5 m high x 111 m long ‘

. . Would YOU cross herel?
Openness Index = 0.2 (0.8 minimum) i
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NEW ELEPHANT UNDERPASSES (2015) — SOUTHERN BHUTAN

Average Openness Index =5.5



MONITORING OF NEW ELEPHANT UNDERPASSES (2015) — SOUTHERN BHUTAN

2/15/2015 6:14 PM




MONITORING OF NEW ELEPHANT UNDERPASSES (2015) — SOUTHERN BHUTAN
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The Overarching Challenge:
BALANCING ECONOMIC DEVELOPMENT AND

BIODIVERSITY CONSERVATION
=

|
-

ASIAN
ECONOMIC
DEVELOPMENT

=
ASIAN BIODIVERSITY







THE WORLD’S GLOBAL BIODIVERSITY HOTSPOTS

ASIAN BIODIVERSITY

/ * Asia supports 8 of 36 identified global biodiversity

= “Hotspots”

* They support an average of 5,156 species of plants and 89
threatened endemic bird, mammal, and amphibian species

sronesia

. SONE dalens NI \"'\
Panes - residing in just an average of 13.7% of the original J'rangsaan
. ;an‘ S'l
vegetative cover. \'] |
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~ * Asia harbors half (4 of 8) of the world’s “hottest hotspots”

\ New

e Only 11.3% of the land area falls within protected areas

©2012 Cl Maps

blodiversity hotspot
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globially IUCN tﬁréate d and endangered specles
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~ i Just 16% of KBA argf lly encompassed within protected'~
areas and thus qemalrr vulnerable '
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FOREST LOSSES AND BIODIVERSITY EXTINCTIONS

The Western Ghats/Sri Lanka
hotspot, Asia’s smallest, has
recorded 20 species extinctions
(more than the other 7 combined)

Based on historic trends in forest
destruction, Brook and Sodhi
(2003) estimated that of all
{ mammal species native to
Southeast Asia, 21%-48% are on
B@ trajectories toward extinction by
e the year 2100




NEW ROADS AND FRAGMENTATION

* Roads are regarded as a “gateway” to the loss of biodiversity
within roadless areas. Unplanned roads can facilitate habitat
destruction, illegal hunting, and human settlement

* Most rapid rates of deforestation occur with 10 km of roads,
especially if they are paved (Selva et al. 2015)

e Within countries of East Asia, the
percentage of paved roads
increased dramatically from 16% to
51% in 2005-2010, corresponding
with high rate of forest destruction
(Clements et al. 2014)



NEW ROADS AND FRAGMENTATION

* Roads are regarded as a “gateway” to the loss of biodiversity
within roadless areas. Unplanned roads can facilitate habitat
destruction, illegal hunting, and human settlement

* Most rapid rates of deforestation occur with 10 km of roads,
especially if they are paved (Selva et al. 2015)

e Within countries of East Asia, the
percentage of paved roads
increased dramatically from 16% to
51% in 2005-2010, corresponding
with high rate of forest destruction
(Clements et al. 2014)

WE CAN, AND MUST
DO BETTER THAN THIS!



ECONOMIC VALUE OF BIODIVERSITY
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Challenge:
EFFECTIVE ANALYSIS OF PROJECTS AND ALTERNATIVES

Keys to building green, sustainable transport infrastructure:

1. Systematically and consistently evaluating true
environmental, economic and social issues and impact of
proposed projects,

2. Pursuing alternatives without “pre-determined” outcomes,
including those that avoid high-biodiversity areas where and
when technically feasible and economically viable, and

3. Striving for “no-net loss” of habitat values when alternatives
to impacting high-biodiversity areas do not exist and
transport projects are deemed necessary



ESTABLISHING SCOPE OF PROJECT MITIGATION

" IFC PERFORMANCE STANDARDS
internationa HABITAT CLASSIFICATION

Sets respective limits for habitat
degradation with projects:

Internationa] Finance Corporation’s
Pt Guidance Notes:
Ormance Standards on Environmentg]
and Social Sustainability )

January 1, 2012

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation
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ESTABLISHING SCOPE OF PROJECT MITIGATION

f IFC PERFORMANCE STANDARDS
internationa HABITAT CLASSIFICATION

Sets respective limits for habitat
Internationa) Finance Corporation’s d e dation with P rOj ects:

Guidance Notes:

Performance Standards o po.: Modified habitats:
VIir
and Socia Sustainabilityonmental * Minimize further degradation of
habitat value — mitigate impacts
January 1, 2012

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation

AR ™




ESTABLISHING SCOPE OF PROJECT MITIGATION

Internationa] Finance Corporation’s
Pt Guidance Notes:
Ormance Standards on Environmentg]
and Social Sustainability )

January 1, 2012

IFC PERFORMANCE STANDARDS
HABITAT CLASSIFICATION

Sets respective limits for habitat
degradation with projects:

Natural habitats:

* No significant habitat degradation
unless no alternatives exist

» Benefits exceed costs (role of offsets)

* Impacts fully mitigated

* Goal is no net loss of biodiversity

Association of Consulting Engineers of Malaysia
ROAD ECOLOGY WORKSHOP

AR ™




ESTABLISHING SCOPE OF PROJECT MITIGATION

SIFC

Internationaj
Finance

Internationa] Finance Corporation’s
Guidance Notes:

e Staildards on Environmental
and Socia] Sustainability

Performanc

IFC PERFORMANCE STANDARDS
HABITAT CLASSIFICATIONS

Set respective limits for habitat
degradation with projects:

January 1, 2012

Critical habitats:

* No impairment to biodiversity and
ecosystem (and ecosystem services)
function

* No reduction in endangered species
populations or habitat

* All lesser impacts are fully mitigated
(IFC Performance Standard 6 Guidance Note)

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation

L




Decreasing preference

Minimize

MITIGATION HIERARCHY

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation

9,0, Lo




Decreasing preference

Avoid Impacts:
First action step
and best
approach

Minimize

MITIGATION HIERARCHY

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation m




AVOID IMPACTS

When possible, but especially in:

e (Critical habitats
 Protected areas

Restore

e High biodiversity “hotspots”

* Areas not suited for transport
construction (e.g., unstable soils)

Minimize

MITIGATION HIERARCHY Mass slope failure - new road, Bhutan

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation m




Decreasing preference

Offsets:
Opportunity for
creativity and
innovation in achieving
Net Biodiversity Gain

Typically done
outside project
zones of impact

Restore

Minimize

MITIGATION HIERARCHY

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation m




MITIGATION HIERARCHY
APPLICATION Ultimate goal in high

biodiversity areas

R

Break-even point

-

—

= = ==
I J

STEP 1 STEP 2 STEP 3 STEP 4

> No net loss

Ecological impacts

Employ a mix of mitigation hierarchy action steps to meet a goal of
No Net Loss of biodiversity value (and preferably to achieve a Net Gain)

CONFERENCE ON ROAD ECOLOGY:
Transportation Infrastructure and Wildlife Conservation m




N SOUTHERN EAST-WEST CORRIDOR
tment of Roads Master Plan priority for 2007-202

BHRUTAN NETWORK

& AN \
g .
A §
3 K
oy oy
s

i

—— ——

Not started —  wmems e = s,/ i,
orotected areas Completed segments

- .
- e - I— —— W ——
- - B L
1 LOCATION WAS OF MIOCT AOR08.
‘ AN SOV OF B . — PROSICT § ACOITIONA, PINANGNGY
e m e R

Tw— . ——— ——



LHAMOIZINGKHA TO SARPANG ROAD PROJECT

#Proposed to cross through Phipsoo Wildlife Sanctuary

- » ‘- R 7.
e

ﬂ‘ BC - Biokgical Corridor
b

-

| BWS -Bumdeling Wildiife Sanctuary 2a . N
CHINA

% | JOWNP - Jigme Dorji Wangchuk National Park
Na| JSSWNP - Jigme Singye Wangchuk Natonal Park
P :! KWS - Khaling Wildife Sanctuary
7 PWS - Phibsoo Wildife Sanctuary
RMNP - Royal Manas National Park
, SWS - Sakteng Wildife Sanctuary
il TNP - Thrumshingla National Park .
| TSNR - Toorsa Strict Nature Reserve . JDWNP
WCP - Wangchuk Centennial Park 1

()

“ BWS Existing Roads
‘ A

R

- : Bumthang _ B

5% ® Ny A

;‘1 f‘f’\ Db S ’

£2 ) PSR

% ) ‘ Sl *Trashngang sws

#  Jomdtsangkha

Samdrup Jongkhar

Lhamoizingk Lhamoizingkha-Sarpang Road
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§ LHAMOIZINGKHA TO SARPANG ROAD PROJECT
a : fgoposed to cross through Phipsoo Wildlife Sanctuary

¥ BC - Biokgical Corridor
| BWS -Bumdeling Wildiife Sanctuary
B | JOWNP - Jigme Dorp Wangchuk National Park CHINA N

o] JSWNP - Jigme Singye Wangchuk Natonal Park A I

.:l KWS - Khaling
P PWS - Phibsod
RMNP - Royal

I el o First road segment to cross through a protected area
o with the southern highway corridor (Phipsoo Wildlife  fugros: |
Sanctuary, the country’s smallest at 269 km?)

b 4
JSWNP

&

*Trashngang sSWs

( i'
!
Kws i

*
Jomotsangkha

Samdrup Jongkhar

Lhamoizingkha-Sarpang Road ] INDIA
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“SIGNATURE” ENDANGERED SPECIES
Phipsoo Wildlife Sanctuary

, Tiger 'EN ;
MM Y

BRI

R R
Asian Elephant.
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fg - CONFIRMED IUCN* RED LISTED SPECIES
% 4 Phipsoo Wildlife Sanctuary (2015)

P SPECIES BY RED LIST STATUS

67 Near
/ YA Endangered | Vulnerable | Threatened | to1AL
— (EN) (VU) (NT)

Mammals 6 = 2 -

Birds 0

1 0

1

/| Fish

V2
o 1]
- fs Reptiles




LHAMOIZINGKHA TO SARPANG ROAD PROJECT

Original Proposed Alignments (2)
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LHAMOIZINGKHA TO SARPANG ROAD PROJECT
Original Proposed Alignments (2)
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At onset of assessment (2014), there
| was a prohibition on new roads along |
the Indo Bhutan border (securlty)
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LHAMOIZINGKHA TO SARPANG ROAD PROJECT
O\rlglnal Proposed Allgnments (2) and AIternatlve

Evaluated a Border alignment as a potential
alternatlve to av0|d and/or reduce |mpacts




BIODIVERSITY BASELINE ASSESSMENT

e Establish a biological baseline

* |FC Performance Standards compliance:
* Classification of habitats
v_ Modified
/v Natural
¥ Critical

* Critical Habitats - no loss or degradation

4+ Road project “O ~ NO GO” determination
e dependent on if the projec | R




oy ASSESSMENT APPROACH

Graph: Min, Avg, Max |E'.'H1IIZIH 232, 589, 1500 m

Range Totals: Distance: 11.8km  Elev Gain/lLoss 2163 m, -836m  Max Slope: 65.5%, -50.0%  Avg Slope: 25.8% -22 3%

Sanctuary

Soutl-* to North Elevation #rofile iddle
Foothills Zor

1750 m

)
a
41000 m ‘

!

4750 m
»

Lower
FoothiII|s Zone

. Border
EEIII il !_OWIaqu ZOI’IE

| ZONE FOREST TYPE ALIGNMENT

~ [Border Lowlands | 200-300 |Semi-evergreen forest |Border alignment

Lower Foothills 300-700 |Moist deciduous forest

/ | Middle Foothills | 700-1,100 |Evergreen forest



?a’ & BIODIVERSITY BASELINE ASSESSMENT
iy 'S

g‘ =~ MAMMALIAN SPECIES INVENTORY

~= Installed 45 cameras — Dec. 2014 & Jan. 2015{% & = &%
//  Data recovered from 38 cameras LR N
'« Recovered May 2015 (5.5 months)

/

\’{ hly sighificant biodiversity, - = 7

v = oz
\% _{lef erencesamong |

' Yent Zones (ANOVA)

~ﬂ-‘
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« 17,857 total images (91% mammals)
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* 4,300 individual animals
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@ BIODIVERSITY BASELINE ASSESSMENT
% MAMMALIAN SPECIES INVENTORY

4 Shannon-Weaver Diversity Index (SDI)

/l“\\ ‘.'r . . .
"/ (combines species richness, abundance and evenness)
18

R

1.6

1.4

1.2

1.0

® Plean
_[ 95% Confidence Interval

MEAN MAMMALIAN SDI

Border Lowlands Lower Foothills Middle Foothills
ASSESSMENT ZONE



BIODIVERSITY BASELINE ASSESSMENT
MAMMALIAN SPECIES INVENTORY

Shannon-Weaver Diversity Index (SDI)

(combines species richness, abundance and evenness)
18

2 L 7\ : !
"\ Border Lowlands Zone also had minimal tiger use
\’f' and no white-bellied herons were seen here

"‘ 4' = Mean
rr/;.g). ‘\‘J | 85% Confidence Interval

E:::rder Lowlands Lower Foothills Middle Foothills
ASSESSMENT ZONE

MEAMN




BIODIVERSITY BASELINE ASSESSMENT

R
S BIODIVERSITY SUMMARY
B BIODIVERSITY ASSESSMENT ZONE
_ BORDER LOWER MIDDLE
METRIC (values scaled to 1.0 per metric) LOWLANDS FOOTHILLS FOOTHILLS
Mean overstory tree SDI/site 0.39 0.32 0.36
No. of orchid species/zone 0.30 0.30 0.39
Mean avian SDI/site 0.32 0.36 0.32
Mean mammal SDI/site 0.26 0.34 0.36
Mean proportion of total mammals/site 0.16 0.33 0.51 ¥
No. of white-bellied heron observations 0.00 1.00 0.00 .j'
13 No. of golden langur group observations 0.06 0.44 0.51 ;
‘\--\’f;v_, No. of hornbill group observations 0.35 0.42 0.23 ;w‘"
4 No. of khar formation locations 0.15 0.46 0.39 j'.
. $ ‘,f -,‘ .
‘ ; No. of tiger camera trapping records AB83_ 0.27 0.70 i ¥
4 | Biodiversity Index iy
Yoo il . 0.20 0.42 0.38 3
" | (average of 10 metrics)
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BIODIVERSITY BASELINE ASSESSMENT

BIODIVERSITY SUMMARY
ASSESSMENT ZONE
BIODIVERSITY
BORDER LOWER MIDDLE

METRIC (values scaled to 1.0 per metric)
i/ LOWLANDS FOOTHILLS FOOTHILLS
/‘/ Mean overstory tree SDI/site 0.39 0.32 0.36
7 No. of orchid species/zone 0.30 0.30 0.39

Mean avian SDI/site 0.32 0.36 0.32
T Mean mammal SDI/site 0.26 0.34 0.36

a'\1
;-

4/

| The Biodiversity Index (based on all 10 metrics) for the Border F

Lowlands Zone was half that of the Lower and Middle Foothills R

\ zones comprising PWS’s biodiversity “core” ;
e

| No. of khar formation locations 0.15 0.46 0.39 ‘

/ No. of tiger camera trapping records AB83_ 0.27 0.70

4 ‘ Biodiversity Index
(average of 10 metrics)

,J

0.38
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CLASSIFICATION OF HABITATS
FOREST PLANTATION INVENTORY

* Harvested/replanted during 1950s & 1960s
» Human-modified habitat — reduced diversity (%) k&

. BIocks total 4 206 ha (4.5% of Phipsoo’s area)

. Appro\"SO plantatlon pIots within blocks




;\ 0 BIODIVERSITY BASELINE ASSESSMENT

g SPECIAL HABITAT INVENTORY & ASSESSMENT
| ILLEGAL TREE HARVEST = &

Miegal tree harvest long a concern —
/ poorly quantlfled in past

N

. Occurs along he Indo-Bhutan border in an
\/aﬁp oximately 15 km-long band

slace . poaching so heavy that the
‘r"r‘iﬁ&ung trees have fallen over

&\

noving up slopes since
s liquidated

M~ ,’"— ’_vr




K BIODIVERSITY BASELINE ASSESSMENT
’i\:‘. i CLASSIFICATION OF HABITATS

MODIFIED HABITAT

P HUman-ianuenced Modified Habitats — most in Border Lowlands

' Villages (Nichula, Pingkhua) Zone

 Plantations .
Tree poaching”

~ ®
\

PERCENT OF
HUMAN ACTIVITY AREA (HA)
PHIPSOO
' i Plantation plots 1,206 4.5%

Villages 503 1.9%
lllegal tree harvest 890 3.3%
Open-pit ore mine 5

Total




BIODIVERSITY BASELINE ASSESSMENT
CLASSIFICATION OF HABITATS

N

 WHITE-BELLIED HERON CRITICAL HABITAT

. (;_r"itically endangered species

|

A Critical Habitat along Longa & Phipsoo rivers (3%)

- Biggest threat is the indiscriminate poisoning of
__fish by poachers that take fish to market
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BIODIVERSITY BASELINE ASSESSMENT |
CLASSIFICATION OF HABITATS

TIGER CRITICAL HABITAT

. Ti-ger Critical Habitat encompasses Phipsoo “core”
» /" in the Lower and Middle Foothills zones

“Just 1 tiger recorded in Border Lowlands Zone
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LHAMOIZINGKHA TO SARPANG ROAD PROJECT
COMPARISON OF ALIGNMENTS




ROAD IMPACTS ASSESSMENT
DIRECT ROAD IMPACTS 5’-?

LOSS OF HABITATS WITH CO ST

Proportion of road through Critical, Naturajﬁan‘
* |FC Performance Standard mandates n j\
J

impact to Critical Habitat

\ N | -~ B -
| PROPOSED | PREDOMINATE LSR T DIRECTEY IVIBACTED B
ROAD ASSESSMENT | LENGTH | MODIFIED NATURAL :
| ALIGNMENT ZONE (KM) (%) (%)
| Mid-slope Middle Foothills 60 0 (0%) 13 (7%) {
Lower slope |Lower Foothills 48 16 (17%) 20 (21%) \
i Border Border Lowlands 40 21 (SQ%) 19 (48%)
- E ‘ - -

N



LHAMOIZINGKHA TO SARPANG ROAD PROJECT

Preferred Alignment (in Border Lowlands)
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Mid-slope a znment (60 km)
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ROAD AND CONSERVATION PROJECT STRATEGY

MITIGATION HIERARCHY APPLICATION
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ROAD AND CONSERVATION PROJECT STRATEGY
MITIGATION HIERARCHY APPLICATION
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' _ROAD AND CONSERVATION PROJECT STRATEGY

MITIGATION HIERARCHY APPLICATION




Challenge:
ADEQUATE FUNDING FOR “GREEN” TRANSPORT PROJECTS

* Funding for creditable studies - Biodiversity Baseline Assessments
v’ Basis for meaningful recommendations
_ v’ Basis for evaluatmg constructlon |mpacts

o R
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Challenge:
ADEQUATE FUNDING FOR “GREEN” TRANSPORT PROJECTS

* Funding for full range of wildlife mitigations (both New and
Retrofit Construction)
v’ Construct m|t|gat|on ements (structures fencing, etc.)




5OVl %5 8 @ AVENUES TO ADDRESS WILDLIFE-
ARIZONA'S WILDLIFE LINKAGES HIGHWAY CONFLICTS

, Fet : Role of Retrofitting

e I.‘."'w
B &

- W om,

" Potental Linkage Zone TRl Retrofitting is an alternative to
Frcture Zone =" limited new highway construction

Note: Linkage numbers are for identtfication purposes only.
to address existing conflicts



http://www.adotenvironmental.com/Highways/OES/AZ_WildLife_Linkages/PDF/arizona_wildlife_linkages_map_version_1.pdf
http://www.adotenvironmental.com/Highways/OES/AZ_WildLife_Linkages/PDF/arizona_wildlife_linkages_map_version_1.pdf

® ©V®ib-% 8 §~-=s AVENUES TO ADDRESS WILDLIFE-
ARIZONA'S WILDLIFE LINKAGES HIGHWAY CONFLICTS

: AR | 3 Role of Retrofitting

RN T A IISVIIN DOV OP
MK

"0 Potential Linkage Zone Mz s Retrofitting is an alternative to
B Habitat Block L% L. . .
Fracture Zone ===~ |limited new highway construction
Note: Linkage numbers are for identification purposes only.
These numbers do not imply priority status. ° . °
e to address existing conflicts



http://www.adotenvironmental.com/Highways/OES/AZ_WildLife_Linkages/PDF/arizona_wildlife_linkages_map_version_1.pdf
http://www.adotenvironmental.com/Highways/OES/AZ_WildLife_Linkages/PDF/arizona_wildlife_linkages_map_version_1.pdf

Challenge:
ADEQUATE FUNDING FOR “GREEN” TRANSPORT PROJECTS

* Integrating Climate Change Resiliency
v’ Oversizing drainage structures as “dual-use” wildlife passages




Challenge:
INTEGRATING CLIMATE CHANGE RESILIENCY

* Oversizing of Drainage Culverts to Underpasses

v" Provide cost effective “dual-use” structures for

drainage and wildlife passage Cul\/}aét i

v’ Prevent blowouts from increasingly frequent
extreme-weather events using oversized
dralnage structures at modest addltlonal cost* |

*Intergovernmental Panel on Climate Change (IPCC).
2014: Climate Change 2014: Synthesis Report.

PLANNING AND IMPLEMENTATION OF
GREEN TRANSPORTATION PROJECTS IN SOUTH ASIA
Wildlife Institute of India




Challenge:
ADEQUATE FUNDING FOR “GREEN” TRANSPORT PROJECTS

* Funding for construction oversight monitoring
v' Build it properly the first (and only) time

nding for post-constructic
4 --.'v;;é Rt _ WS

e




Challenge:
INTEGRATING MITIGATION STRATEGIES

* A diverse “Toolbox” of measures is available to address wildlife-

vehicle/train collision and wildlife connectivity issues with context-
sensitive solutions

 Effective strategies often employ a mix of measures (e.g., signage
and traffic calming treatments, passage structures, funnel fencing)

* All the measures used in a strategy must function as an /ntegrated
unit or system — failure of one element can render e
GO SLOW
the entlre system meffectlve |_ammac coRRIDoR




CONCLUS
* The prospect for impiementing green infrastruc

strategies on Asia’s transport mfrastructure has
dramatically.improved:i in just.5 years '

.‘.

. The outlook remains. brlght for domg even gr’egé:r thmgs
gg.decade with' mcreased awareness an/d"’

<



* The outlook remains bright for domg even grea oTeer
in-the coming decade with increased awareness and
support for green mfrastructure |n|t|at|ves e"'j :




* But this will still require difficuit-decisions that v
require sound project analyses tha"fc""consider all
alternatives in order to tip the.balance to/ar
consegvation of Asia’ S remalnmg blodf\f§‘4$|ty/f




